Introduction {#sec1-1}
============

Ovarian cancer causes more deaths per year than any other cancer of the female reproductive system.\[[@ref1]\] Approximately, 90% of ovarian cancer is epithelial in origin and presents at an advanced stage. It is proven that debulking surgery removing the primary tumor and metastatic implants, achieving optimal debulking improves survival.\[[@ref2]\] Neoadjuvant chemotherapy (NACT) followed by interval cytoreduction (IC) has the advantage of reduced surgical morbidity and improved surgical cytoreduction. The present study examined the effect of NACT on peri-operative morbidity and evaluated various factors predictive of postoperative morbidity in this group.

Methods {#sec1-2}
=======

This is a prospective observational study in which advanced epithelial ovarian cancer (EOC) (International Federation of Gynecology and Obstetrics \[FIGO\] IIIC and IV) patients, who underwent surgery at Amrita Institute of Medical Sciences at Kochi, Kerala, India from June 2008 to April 2010 were evaluated for intraoperative and immediate postoperative negative outcomes. All patients with FIGO stage I, II, IIIA and B ovarian cancers, and nonepithelial ovarian malignancies were excluded. The institutional review board cleared this study.

All patients with clinical features suggesting ovarian malignancy were evaluated with serum CA 125, abdominal imaging with ultrasonogram or computed tomography. Performance status (PS) was graded using the Eastern cooperative oncology group (ECOG) scale. All the cases were discussed in a multidisciplinary oncology tumor board. Patients with extensive disease seen on imaging and poor PS were considered for NACT, which was given only after histopathology or cytology confirmation of malignancy.

The aim of surgery was to achieve optimal debulking (\<1 cm residual disease). The patients who were planned for NACT received three or four cycles of chemotherapy before surgery. After surgery, patients were shifted to recovery rooms located adjacent to the operating theatre. Patients in need for intensive monitoring were shifted to Intensive Care Unit (ICU). They were shifted to the ward once hemodynamic stability and adequacy of respiration was ensured. Patients were discharged once they were physically fit and ambulatory.

The standard regime of chemotherapy was 3 weekly paclitaxel (175 mg/m^2^) given over 3 hours and carboplatin (area under the curve 6) given as an intravenous bolus. Patients with poor general condition were given only single agent chemotherapy (carboplatin/cisplatin).

Data regarding the patient (age, co-morbidities, ECOG PS, laboratory parameters), disease (date of diagnosis, stage, histopathology, grade), treatment received (initial treatment received, i.e., NACT vs. surgery, extent of surgery, duration of surgery, blood loss etc.), postoperative management, hospital stay and complications were recorded. Comorbidity was scored and categorized using a modification of the charlson comorbidity index (CCI).\[[@ref3]\] To assess the extent of surgical procedures, the surgical complexity score (SCS) described by Aletti *et al*. was adopted.\[[@ref4]\]

All statistical analyses were performed using IBM Statistical Package for Social Sciences (SPSS) version 11. Comparison of categorical variables among groups was done with Chi-square test and continuous variables by Student\'s *t*-test. The complications, which were significantly different in incidence among the two treatment groups, were further evaluated by univariate analysis to look for other confounding variables. All statistical tests were two-tailed with a significance level set at 5%.

Results {#sec1-3}
=======

During the study period, out of the 196 patients of ovarian cancer registered in our Cancer Institute, 145 patients were excluded due to early stage (*n* = 35), operated outside (*n* = 73), nonepithelial histology (*n* = 24), and recurrent disease (*n* = 13). 51 patients satisfied our inclusion criteria. 19 patients were taken up for PS and 32 underwent IC after receiving NACT. [Table 1](#T1){ref-type="table"} depicts the baseline characteristics of the two groups. The demographic and relevant baseline clinical characteristics of the patients were balanced between the two groups except for hemoglobin, which was significantly higher in the primary surgery group.

###### 

Distribution of baseline characteristics in the two groups
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The comparative distribution of surgical complexity and various intra-operative complications are tabulated in [Table 2](#T2){ref-type="table"}. We were able to achieve residuum of \<2 mm in most cases. All patients in IC group were optimally cytoreduced, whereas 2 patients in the primary surgery were suboptimally cytoreduced.

###### 

Surgical complexity and intra-operative parameters
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The surgical procedures were scored based on the complexity of surgery (SCS) and grouped into three categories, low (≤3 SCS), intermediate (4--7 SCS), and high (≥8 SCS). As is noted in [Table 2](#T2){ref-type="table"}, higher proportion of patients undergoing PS had surgeries of intermediate/high grade, which were significantly longer. They also had significantly higher blood loss than IC group. Though the numbers of patients needing blood transfusion were similar, the number of units transfused was significantly higher in the primary surgery group.

Patients taken up for upfront surgery had a higher incidence of diaphragmatic injury and intra-operative hypotension needing inotropic support intra-operatively. None of the patients in IC group encountered similar complications.

The various postoperative characteristics and complications of the two groups are summarized in [Table 3](#T3){ref-type="table"}. 1 patient in IC group and 2 patients in the PS group had adverse cardiac events postoperatively. The postoperative period was complicated by fever in 9 (28%) and 6 (31.5%) patients of IC and primary surgery group, respectively. 4 patients in each group developed respiratory complications (*P* = 0.459).

###### 

Distribution of various postoperative characteristics
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One patient in the IC group developed a leak from the appendicular stump, which improved with conservative management. 4 patients in each group had a superficial surgical site infection, managed with antibiotics and drainage wherever indicated (*P* = 0.459). None of the patients had fascial dehiscence or deep/organ space infection.

There was no significant difference in the duration of postoperative ileus, 1.97 days versus 2.26 days (*P* = 0.108) and postoperative antibiotic use, 6.07 versus 5 days (*P* = 0.885) in IC versus primary surgery group.

The mean ICU stay was 1.68 days (standard deviation \[SD\] = 2.11) in the primary surgery group and 0.97 (SD = 1.9) days in the IC group (*P* = 0.107). The duration of hospital stay was significantly longer in primary surgery group (mean -- 8.11 days; SD = 2.05) as compared to IC group (mean -- 7.69 days; SD = 10.75; *P* = 0.001). None of the patients in either group died within first 60 days after surgery.

The preoperative parameters of patients in two groups were similar except for preoperative hemoglobin, which was significantly lesser (*P* = 0.007) in the IC group as compared to primary surgery group \[[Table 3](#T3){ref-type="table"}\]. The two groups were otherwise balanced vis a vis age, CCI, PS, preoperative serum albumin, CA-125, histology, grade of tumor, and stage of disease \[[Table 1](#T1){ref-type="table"}\]. The SCS group, duration of surgery, operative blood loss, number of blood pints transfused, incidence of intra-operative hypotension, need for serosal disease debulking, risk of diaphragmatic injury, and duration of hospital stay was significantly higher in primary surgery group \[[Table 2](#T2){ref-type="table"}\]. On the other hand, variables like need for blood transfusion, duration of ICU stay, postoperative ileus, cardiac adverse events, postoperative fever, respiratory complications, surgical site infections, duration of postoperative antibiotics, and number of cultures sent in the two groups were not significantly different \[[Table 3](#T3){ref-type="table"}\].

Since some variables analyzed were categorical and some continuous, for this reason, significant continuous variables were categorized into groups and tested again for significance. Thus, duration of surgery was grouped as ≤240 min and \>240 min, operative blood loss as ≤500 ml and \>500 ml, number of pints of blood transfused as ≤2 and \>2 and hospital stay as ≤7 days and \>7 days. These variables were again checked for significance after grouping using Chi-square test. Of these variables, operative blood loss was of borderline significance (*P* = 0.05) and number of pints of blood transfused came as insignificant (*P* = 0.28).

Univariate analysis of the predictors of intra-operative blood loss showed that operative time \>240 min and serous histology were the only significant factors associated with increased blood loss. High preoperative hemoglobin levels and upfront surgery were of borderline significance (*P* = 0.05). Preoperative albumin levels, co-morbidity status, PS, grade of tumor, and surgical complexity group did not have any significant effect.

With regards to the predictors of intra-operative hypotension, only PS patients with increased blood loss during surgery had significantly higher incidence of intra-operative hypotension (respective *P* \< 0.05 and 0.001).

The univariate analysis of factors possibly predictive of duration of hospital stay showed patients having lower preoperative albumin levels (*P* = 0.02), upfront surgery (*P* = 0.01), longer operating hours (*P* = 0.01), more complex surgeries (*P* = 0.03), higher intra-operative blood loss (*P* = 0.03), need for blood transfusion (*P* \< 0.05), and postoperative cardiac complications (*P* = 0.04), where the ones who were likely to have prolonged hospital stay. Notably, low preoperative hemoglobin levels, higher CCI, lower PS, elderly age, duration of ICU stay, and postoperative complications other than cardiac did not significantly prolong the hospital stay beyond 7 days.

Discussion {#sec1-4}
==========

The 5-year survival rates for EOC ranges from 80% to 15% for stages I--IV, respectively.\[[@ref5]\] The overall poor prognosis is due to advanced stage at presentation (60--70% presenting at stage III/IV)\[[@ref6]\] and low PS, precluding aggressive surgery. Women with advanced ovarian cancer who initiate systemic chemotherapy with an apparent small volume of residual disease after primary surgery experience a superior outcome compared to patients who cannot be optimally cytoreduced.\[[@ref7]\] Ultraradical surgery, with the addition of radical pelvic surgery, bowel resection, and removal of disease cephalad to the greater omentum, gave up to 91% optimal cytoreduction rates.\[[@ref8]\] However, morbidity of ultraradical surgery can be substantial, with serious operative and postoperative complications approaching 70%.\[[@ref9]\] To overcome this problem, NACT followed by IC has been studied. Here the initial attempt at cytoreduction is abandoned in favor of chemotherapy in order to reduce the extent of disease and to improve patient PS.\[[@ref10]\]

In our study, the preoperative characteristics of two groups were well matched, except for hemoglobin which was lower in NACT group, possibly an effect of chemotherapy. Incidence of serosal disease was more in primary surgery group as implied by "need for serosal disease debulking," which was significantly higher in this group. It was noted that patients in the primary surgery group underwent more complex procedures. The duration of surgery, blood loss, hypotension needing inotropic support, and number of blood pints transfused were significantly more in primary surgery group, pointing toward a presence of relatively larger quantum of disease in this group necessitating more extensive surgeries.

Despite all this, the incidence of postoperative complications was not significantly different among the two groups \[[Table 3](#T3){ref-type="table"}\]. The mean duration of ICU stay was not significantly different among the two groups, but patients undergoing primary surgery took longer time till discharge (mean = 8.11 days; SD = 2.05) than IC (mean = 7.69 days; SD = 10.75; *P* = 0.001). There were no postoperative deaths in our study. Results similar to,\[[@ref11][@ref12][@ref13]\] and contradicting\[[@ref14][@ref15]\] our study have been reported. This study suffers from a small sample size, which might be the reason behind its failure to capture the difference in the postoperative complications; however its prospective design eliminates the biases associated with retrospective studies.

Vergote *et al*.\[[@ref16]\] had demonstrated noninferiority of NACT approach over primary surgery. Although they reported relatively lesser postoperative complications and mortality in the NACT arm, inferential analysis was not performed, as all the patients randomized to each arm did not receive their allotted treatment. They did not find any significant difference in the quality of life scores among the two arms, at any point of assessment.

Conclusion {#sec1-5}
==========

Ours is first study from India, which has looked into the effect of NACT on immediate negative postoperative outcomes in patients with advanced EOC. Moreover, this study has demonstrated the favorable effect of NACT on variables like the complexity of surgery, duration of surgery, blood loss, intraoperative hypotension, and hospital stay. There is likely to be a cost implication of this, with the reduced cost favoring NACT group. This would be a good reason to consider NACT as the first line therapy in advanced ovarian cancers, especially in low-resource settings.
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